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left ventricular outflow tract narrowing or obstruction
due to asymmetric septal hypertrophy can cause high
ntraventricular pressure and chamber hypertrophy with
ubsequent symptoms of sudden death or heart failure. Brock
rst described muscular hypertrophy of the left ventricular
utflow tract in 1957.1 The obstruction was felt to be analo-
ous to right ventricular infundibular narrowing and hence
as labeled subaortic stenosis. The surgical relief of this
roblem was described as early as 1958 by Cleland2 and
volved into the classic Morrow procedure after careful stud-
es of the pathological substrate and resultant hemodynamic
ompromise.3 Our understanding of the pathophysiology of
his disorder, now known as hypertrophic cardiomyopathy
HCM), has progressed further and has led to the under-
tanding that systolic anterior motion (SAM) of the mitral
alve and certain abnormal anatomic variations of mitral
alve structure are greatly involved in the generation of this
utflow tract gradient.4 In fact, the commonly performed
esection of the muscle bar just under the aortic valve annu-
us is now understood to not only be of little use, but prob-
bly leads to an unnecessary incidence of iatrogenic ventric-
lar septal defects. Briefly stated, the surgical management of
his disorder involves not only dealing with an area of septal
ypertrophy deep within the ventricular cavity where mitral
eptal contact occurs, but also with altering the mitral valve
pparatus in a way that minimizes the chances of that mitral-
eptal contact.
ndications and
valuation for Surgery
t is important to understand that the majority of HCM pa-
ients are not obstructed, but can still have symptoms and be
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oi:10.1053/j.optechstcvs.2004.10.002t risk for sudden cardiac death.5-7 Symptoms are due to LV
iastolic dysfunction andmyocardial ischemia in the absence
f epicardial coronary narrowing. Surgery is not indicated in
he absence of significant left ventricular outflow tract ob-
truction. Medical therapy frequently involves the use of B-
lockers and calcium channel blockade. Disopyramide, a
egative inotrope, can be used in cases with persistently high
esting gradients. To prevent sudden cardiac death, implant-
ble cardioverter-defibrillators are used aggressively.
Obstructed patients usually have more severe symptoms
nd a murmur that brings them to medical attention.8 Again,
he overwhelmingmajority of these patients at our institution
re treated medically under the care of cardiologists special-
zing in the care of HCM. Diligent analysis is necessary to
dentify the presence of moderate or severe mitral insuffi-
iency, and consistent monitoring is necessary to identify
ymptoms of vasodilatation, hypotension, and heart failure.
Only those patients with symptoms refractory to medica-
ion and obstruction either at rest or with provocation are
enerally referred for surgery. This constitutes a little less
han 10% of the total patients who present at our HCM clinic
or care. The vast majority of these patients have had severe
itral regurgitation as one of their primary problems. At
nitial evaluation for possible surgical intervention, the pre-
perative echocardiogram is carefully analyzed to calculate
he thickness of the myocardium in general, the specific
hickness of the septum, both anteriorly and posteriorly, the
xact distance of the area of mitral-septal contact from the
ortic annulus, and the morphology of the leaflets of the
itral valve. A judgment is made regarding the pathology,
hether septal hypertrophy and an outflow tract gradient, a
oppy, redundant mitral leaflet with valvular insufficiency,
r a combination of both, is primarily responsible for the
ymptoms. If the septum is less than 1.8 or 2.0 cm, then
eptal resection can still be considered, albeit to a somewhat
imited extent, and careful consideration of the mitral leaflet
athology will be required. In these situations, it is all the
ore important not to resect any muscle bar just under the
ortic annulus because the septum here is usually quite thin
nd the risk of creating a ventricular septal defect and aortic
nsufficiency is high. When the ventricular chambers are col-
apsed, the weight of the right ventricle pushes on the septum
nd a septal bulge is easily mistaken to exist just beyond the
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262 D.G. Swistel, J.J. DeRose, Jr., and M.V. Sherridortic annulus. We have found circumferential narrowing of
he outflow tract in this area to be extremely rare and not, in
eneral, involved in the pathophysiology of HCM. By avoid-
ng this area for resection, the AV node is preserved and the
atient is spared subsequent heart block.
Occasionally, a patient will have SAM, mitral septal con-
act, and a high gradient without severe hypertrophy. Malpo-
ition and enlargement of the valve are implicated and pap-
llary muscle mobilization9 will displace the valve posteriorly
nd anterior leaflet plication10,11 will shorten the excursion of
hat leaflet into the outflow tract. These processes will be-
ome critical to abolish the outflow tract gradient and mitral
egurgitation. Using the methodology described herein andulge in the area of mitral-septal contact even if the septum in
his area is as little as 1.5 cm thick. Resection of 0.5 cm of
hickness in this area along with the mitral valve manipula-
ions has resolved these individuals’ hemodynamic prob-
ems.
Mitral valve replacement is rarely needed, but is necessary
f structural abnormalities are identified during the preoper-
tive echo. A central or anteriorly directed mitral regurgita-
ion jet is a clue to the presence of structural mitral abnor-
alities. If prolapse is identified, the valve is repaired if
ossible. If calcification with severe immobility is identified,
hen no amount of septal resection and papillary muscle mo-
ilization will cure the mitral insufficiency, and mitral valvesing the trefoil hook, we proceed with resection of a septal replacement is performed.
Surgical Technique
Figure 1 Exposure is obtained via a partial upper sternotomy through the third or fourth interspace on the right side. If
coronary bypass grafting or mitral valve surgery through the left atrium is required or in reoperative cases, a standard
median sternotomy is performed. Standard venous and aortic cannulas are used. A 28F vent cannula is introduced into
the left ventricle at the right superior pulmonary vein-left atrial junction. This provides both excellent venting and a
bloodless field during the subsequent myectomy stage of the procedure. A retrograde cardioplegia catheter is intro-
duced into the coronary sinus and is used only if its position is confirmed by palpation or echo guidance. Alternatively,
cardioplegia is subsequently delivered via handheld cannulas directly into the coronary ostia. After institution of
cardiopulmonary bypass, the temperature is lowered to 32°C and a cross clamp is applied and a transverse aortotomy
is performed. Traction sutures of 4-0 prolene are used to hold open the edges of the aorta, but no traction sutures are
used on the aortic leaflets themselves.
Management of patients with complex hypertrophic cardiomyopathy 263Resection
Figure 2 The aortic leaflets are retracted by the assistant who stands on the patient’s left, using two blunt, flat leaflet
retractors. Often, at least one of these retractors is introduced into the left ventricular cavity itself to elevate this part of
the septum. The trefoil hook is introduced into the ventricular cavity and care is taken not to tangle the hooks in the
mitral valve apparatus, as both the leaflet and chords are frequently quite redundant. Elevation of the septum with the
leaflet retractor aids in this process. The trefoil hook is engaged as deeply as possible into the septal muscle deep within
the ventricular cavity between the right coronary ostia and the commisure of the left and right aortic leaflets. The hook
must engage the septal muscle at or beyond the point of mitral-septal contact. This distance was previously calculated
from the preoperative transesophageal echo. With outward and posterior traction, the septal bulge is accentuated.
264 D.G. Swistel, J.J. DeRose, Jr., and M.V. SherridFigure 3 A standard long handled #15 blade is used. While maintaining traction on the engaged portion of septum, as
large a segment as possible is excised. It is difficult to excise a portion much more that 1.0 to 1.5 cm in thickness, so if
the predetermined septum is around 3.0 cm, there is no danger of creating a ventricular septal defect. The trefoil hook
serves two purposes. First, it defines, in the anterior-posterior direction, the point toward which the #15 scalpel blade
is pushed, and second, it stabilizes the muscle to be resected and prevents it from being pushed out and away from the
blade and surgeon. If the septum is less than 1.5 cm, then care must be taken to resect a thinner portion. This is easily
accomplished. It is important to remove the right amount of thickness in the first attempt. Secondary resections are
difficult because the muscle tissue tends to shred and the surface becomes irregular. Once the deepest resection is
completed, additional segments are resected toward the base of the papillary muscle and outwards in the direction of
the aortic annulus, being careful not to resect any muscle closer than 3 to 5 mm from the annulus. This area is not
involved in the pathogenesis of SAM and spares the AV node and avoids postoperative heart block.
Management of patients with complex hypertrophic cardiomyopathy 265Plication
Figure 4 In selected patients with large floppy valves, we plicate the anterior mitral leaflet. In general, patients are at risk
for a suboptimal hemodynamic result due to residual SAM because of increased mobility, size, or length of the anterior
mitral leaflet. Visualization is easiest from the left side of the operating table. The leaflet retractors are repositioned to
facilitate exposure of the anterior mitral leaflet. Three or usually four sutures of 5-0 prolene are used in a vertical
mattress technique to shorten the leaflet. The amount of shortening is dependent on the degree of leaflet elongation. In
some instances, with extremely floppy valves, as much as 4.0 mm have been shortened with these mattress sutures. It
is not uncommon to identify small jets of mitral insufficiency during evaluation of the immediate postbypass trans-
esophageal echo. This is felt to be a result of the needle holes left by the plication stitches. This has never persisted, in
our experience, once the heparin is reversed with protamine.
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urable long-term results can be achieved with an aggressive
pproach to mitral valve pathology in addition to myectomy
or patients with complexHCMdisease.We have utilized this
hree-part approach (extended myectomy resection, anterior
itral leaflet plication, and papillary muscle release) in the
Figure 5 It is necessary to severe the abnormal connecti
mitral valve then assumes its more normal posterior po
becomes much easier to visualize structures within the v
the ventricular cavity and the anterior papillary muscle is
medially. The abnormal attachments are divided with ei
the papillary muscle if it is too thick to grasp. Alternat
attachments and also thin out the papillary muscles, w
device, it is unlikely one can resect too much.anagement of our patients with complex obstructive pa- rhology. Over the last six years, sixteen patients have under-
one this repair. Their mean preoperative left ventricular out-
ow tract obstruction (LVOTO) was 137  45 mm Hg and
heir degree of mitral regurgitation (MR) was 3.1 0.8, with
ll patients exhibiting SAM. Initial postoperative TEE dem-
nstrated marked reduction in LVOTO to 10  17 mm Hg
P  0.0001) and significant improvement in mitral valve
at bind the papillary muscles to the anterior wall. The
out of the outflow tract. After the septum is resected, it
lar cavity. The leaflet retractors are pushed deeper into
grasped with a long broad toothed forceps and pushed
nife or scissors. A nerve hook can also be use to retract
we have used a long pituitary rongeur to divide these
re so thick in these patients that with a medium sizedons th
sition,
entricu
gently
ther a k
ively,
hich aegurgitation to 0.2 0.4 (P 0.0001). Mean follow-up was
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Management of patients with complex hypertrophic cardiomyopathy 267.4 2.1 years, at which time LVOT gradient remained low
t 6  14, and mitral regurgitation remained mild at 0.4 
.5 (both: P 0.0001). Follow-up was 100% and there were
o deaths, reoperations, or any other adverse consequences.
Others have suggested mitral valve replacement for those
atients with complex HCM pathology usually defined as
itral valve regurgitation.12 But these patients are usually
oung and would require a mechanical prosthesis and the
eed for life-long anticoagulant therapy. McIntosh has de-
cribed his technique for mitral valve plication consisting of
utures placed in an anterior-posterior (AP) orientation.10
his approach seems contrary to our understanding of the
oppy leaflet, which is too long in the AP dimension. By
lacing the plication sutures in a medial-lateral orientation,
he leaflet is not only shortened, but also stiffened enough to
imit its excursion into the outflow tract. This approach is
nalogous to the triangular segment resection sometimes per-
ormed during mitral valve repairs from the left atrial side. By
licating the leaflet as described herein, a counter incision in
he left atrium is unnecessary, and this becomes a much
impler procedure and provides a more reproducible result.
thers have advocated approaching the entire procedure
rom the left atrium for this reason. As difficult as it is to resect
he area of mitral-septal contact from the trans-aortic inci-
ion, it is much more problematic trying to identify the
roper area for resection from in between the chords and
apillary muscles of the mitral apparatus.
Our resection, plication, and release methodology is easy to
earn, comparatively simple to perform and has provided
xcellent, durable results.eferences
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